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The relative susceptibility of five strawberry (Fragaria x ananassa Duch.) 
cultivars to the root-knot nematode {Meloidogyne hapla) was tested under 
three différent soil water déficit levels and three nematode densities. 
'Bounty' was the most susceptible cultivar and 'Glooscap' the least suscep-
tible for parasitism by M. hapla. Percent water déficit had a positive linear 
effect on the number of galls on strawberry roots, and on egg production 
and number of M. hapla larvae in the soil, regardless of cultivar type. 
Différent population densities of the nematode had no effect on the final 
number of strawberry flower clusters, stolons and crowns. The initial M. 
hapla population had a quadratic effect on the number of galls on straw-
berry roots and on the number of larvae in the soil, but had a positive linear 
effect on M. hapla egg production. The harmfulness of this species to 
strawberry total yield and fruit size is questionable and requires further 
investigation. 
Khanizadeh, S., G. Bélair et M.J. Lareau. 1994. Sensibilité relative de cinq 
cultivars de fraisier au Meloidogyne hapla sous trois niveaux de déficit 
hydrique du sol. PHYTOPROTECTION 75: 133-137. 
La sensibilité relative de cinq cultivars de fraisier au nematode des no-
dosités, Meloidogyne hapla, a été évaluée à trois niveaux de déficit 
hydrique du sol et à trois densités de population du nematode. 'Bounty' 
s'est avéré le cultivar le plus sensible et 'Glooscap' le moins sensible au 
M. hapla. Le déficit hydrique du sol, en pourcentage, a eu un effet linéaire 
positif sur le nombre de nodules présents sur les racines de fraisier, la 
production d'oeufs et le nombre de larves du M. hapla dans le sol, indépen-
damment du cultivar. Les différentes densités de population du nematode 
n'ont pas influencé le nombre de grappes florales, de stolons, et de collets 
produits par les plants de fraisier. La population initiale du M. hapla a eu 
un effet quadratique sur le nombre de nodules et sur le nombre de larves 
du M. hapla dans le sol, mais a eu un effet linéaire positif sur le nombre 
d'oeufs pondus. La nuisibilité de cette espèce de nematode sur les rende-
ments totaux du fraisier et la grosseur des fruits est actuellement mal 
connue et nécessitera des études complémentaires. 
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INTRODUCTION 
The northern root-knot nematode, Me-
loidogyne hapla Chitwood, is a com-
mon plant-parasitic nematode in straw-
berry {Fragaria x ananassaDuch.) f\e\ôs 
(Bailey 1956; Szczygiel and Danek 1974). 
Under severe infestat ions, above-
ground symptoms include wi l t ing 
during hot and dry conditions, stunting 
and substantial yield losses. In Québec, 
M. hapla has been observed in four 
major strawberry producing areas 
(Bélairand Khanizadeh 1994), but so far 
its effects on growth and yield hâve not 
been investigated. Strawberry cultivars 
vary in their susceptibility to parasitism 
by root-knot nematodes. Dickstein and 
Krusberg (1978) screened 33 cultivars 
against M. hapla under greenhouse 
conditions, and classified them as sus-
ceptible to least susceptible on the basis 
of a galling index on the root System. 
Studies by Edwards et al. (1985) and 
Szczygiel (1981) suggested such a rat-
ing to be misleading, because cultivars 
with moderate root galling showed no 
significant growth réduction and thus 
were identified as tolérant. It also ap-
pears that the résistance to M. hapla is 
dominant since strawberry seedlings 
obtained by crossing résistant parents 
showed a higher degree of résistance 
(Szczygiel and Danek 1974). 
Many studies hâve reported the ef-
fect of root-knot nematodes on straw-
berries in différent countries (Bailey 
1956; Dickstein and Krusberg 1978; 
Edwards et al. 1985; Szczygiel and Danek 
1974), but the harmfulness of this nem-
atode to common strawberry cultivars 
grown in eastern Canada has not yet 
been investigated. 
5 The objectives of this study were to 
c^  compare the susceptibi l i ty of five 
6 widely-grown strawberry cultivars to M. 
^ hapla, and to détermine whether soil 
g moisture levels affect the parasitism of 
£ strawberry plants by M. hapla. 
| MATERIALS AND METHODS 
o 
i-
^ Bare root certified dormant strawberry 
°- plants (10-cm root length with two 
leaves) of cultivars 'Annapolis1, 'Boun-
ty', 'Glooscap', 'Kent' and 'Veestar', were 
planted in 12-cm diam plastic pots filled 
with sterilized organic soil and sand 
(50:50; vohvol). Plants were fertiilized 
immediately with a solution of 10-52-10 
(N-P-K), and a soluble N-P-K fertilizer 
(20-20-20) was applied at 2-wk intervais 
at a rate of 2 g L1. 
The M. hapla populations were ob-
tained from the roots of tomato plants 
(Lycopersicon esculentum Mill. 'Rut-
gers') grown in a greenhouse. Infected 
roots containing egg masses were 
washed free of soil and deposited on a 
Baermann funnel in a mist chamber. 
After 24 h, hatched second-stage juvé-
niles were collected and observed for 
viability. 
Two factorial experiments were per-
formed simultaneously in a greenhouse 
at a constant température of 25 ± 1°C, 
using a randomized complète block 
design with six replicates. A 16-h pho-
toperiod was maintained during the 
experiment using Solux 400 W high 
pressure sodium lamps (50 |imol mr2 s1). 
In the first experiment, M. hapla was 
introduced into the soil at one of three 
levels (0, 1000 and 5000 larvae pot1) 10 
d after transplanting, using a pipet The 
plants were grown under thèse condi-
tions for 110 d to study nematode 
population development. In the second 
experiment, 10, 40 and 70% soil water 
déficits (SWD) were also applied. At 
the beginning of the experiment, three 
levels of SWD were originally achieved 
gravimetrically by weighing 10 pots per 
SWD treatment daily. After 2 wk, based 
on the SWD of 10 pots, the three levels 
were set by watering twice daily, daily, 
and every second day, which corre-
sponded closely to the 10, 40 and 70% 
SWD treatments, respectively. 
Root galls were counted 110 d after 
inoculation and eggs were counted 
using a previously described method 
(Hussey and Barker 1973). The homo-
geneity of variances was tested prior to 
combining the data for both experi-
ments. The number of M. hapla larvae 
in the soil was estimated by processing 
a 100-cm3soil subsamplefrom each pot 
by a modified Baermann pan method 
(Townshend 1963). A factorial model 
was used to examine the effect of 
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cult ivar, nematode populat ion density, 
soil mois ture, and their interact ions on 
dépendent variables. Percent and count 
data were t rans formed using an arcsin 
square roo t percent t r a n s f o r m a t i o n 
(arcsin V x/100) pr io r to analys is of 
var iance (ANOVA). The ANOVA was 
done using the General Linear Models 
Procédure (GLM) of SAS (SAS Insti tute 
1988). Contrast coeff icients were calcu-
lated for non-equal ly spaced factors 
(init ial inoculat ion: 0, 1000 and 5000 
larvae po t 1 ) us ing a p rev ious ly de-
s c r i b e d m e t h o d ( K h a n i z a d e h a n d 
Fanous 1992), and or thogonal po lyno-
mial contrasts were used to study the 
effect of soil moisture and M. hapla 
populat ion densi ty on measured var i -
ables. The least s igni f icant dif férence 
test (LSD) was used for means sépara-
t ion w i th in the cul t ivars. 
RESULTS AND DISCUSSION 
There was no interact ion among the 
cul t ivars, SWD and ini t ial nematode 
concentrat ions, indicat ing that the f ive 
cul t ivars responded s imi lar ly to SWD 
and ini t ial nematode concentra t ions. 
Therefore, each factor was examined 
independent ly . 
M. hapla parasit ized ail cul t ivars, al-
though the degree of suscept ib i l i ty was 
di f férent a m o n g the cul t ivars tested. 
'Bounty ' was the most susceptible cul -
t ivar, fo l lowed by 'Kent1, 'Annapol is ' and 
'Veestar'. The least number of root galls 
and larvae was observed on 'Glooscap' 
(Table 1). Régression analysis showed 
no relat ionship between cul t ivar v igour 
(numbers of s to lons, f lower clusters, 
and crowns) and suscept ib i l i ty to nem-
atodes, indicat ing that v igour and sus-
cept ib i l i ty are independent. 
Différent levels of SWD h ad no effect 
on the number of c rowns, f lower clus-
ters, and sto lons on s t rawberry plants, 
but had a posit ive l inear effect on the 
number of root galls and of nematode 
eggs and larvae per pot (Table 2). The 
h ighest SWD was most su i tab le for 
the main tenance of dense M. hapla 
Table 1. Mean number of root galls, eggs and larvae of Meloidogyne hapla on five strawberry 
cultivars 3 mo after soil inoculation in the greenhouse 
Cultivar 
Gall 
(number pot"1) 
Egg 
(number pot"1) 
Larva 
(number pot"1) 
Annapolis 7 b § 726 b 324 b 
Bounty 138 a 12 472 a 1 776 a 
Glooscap 0 b 6 c 224 b 
Kent 19 b 940 b 635 b 
Veestar 1 b 92 b 7 b 
§
 Means followed by the same letter within a column are not significantly différent at the 
5% level of significance using the LSD test. 
Table 2. Mean number of root galls, eggs and larvae produced by Meloidogyne hapla in pot-
grown strawberry plants at three levels of soil water déficit 3 mo after soil inoculation in 
the greenhouse 
Soil water déficit 
(%) 
Gall 
(number pot"1) 
Egg 
(number pot" ) 
Larva 
(number pot"1) 
10 22 926 240 
40 34 2 082 640 
70 44 5 538 692 
Orthogonal contrast Linear* Linear* Linear* 
Significant at the 5% level using the F test. 
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Table 3. Mean number of root galls, eggs and larvae observed in pots of strawberry plants 
3 mo after soil inoculation in the greenhouse 
Inoculation level 
(larvae pot"1) 
Gall 
(number pot"1) 
Egg 
(number pot"1) 
Larva 
(number pot"1) 
0 0 0 0 
1 000 36 2 160 668 
5 000 62 4 998 908 
Orthogonal contrast Quadratic* Linear* Quadratic* 
* Significant at the 5% level using the F test. 
populations and successful reproduc-
tion (Table 2), indicating that strawber-
ry plants grown under stress conditions 
(high SWD) are most susceptible to 
colonization by M. hapla. Our results 
corroborate those of Maas (1984), who 
reported that the root-knot nematodes 
were particularly damaging to straw-
berry plants during periods of summer 
drought, but do not agrée with the 
results obtained by Szczygiel and So-
roka (1983) who found no corrélation 
between soil moisture levels and popu-
lation densities of M. hapla. 
The effects of initial inoculation den-
sity of M. hapla on the number of root 
galls and nematode larvae were qua-
dratic, but the effect on egg number 
was linear (Table 3). It seems that in a 
12-cm pot, inoculum of 1000 larvae was 
not excessive, whereas 5000 larvae 
pot1 was sufficient to cause compéti-
tion for the small root Systems of the 
strawberry plants. Subsequently, the 
females that were able to invade the 
strawberry root System may hâve pro-
duced high numbers of eggs, but pos-
sibly the rate of egg maturation or via-
bility was adversely affected by crowd-
ing. A graduai increase in the number 
of larvae added per pot did not propor-
tionately increase the number of root 
galls and larvae produced in the pots. 
An examination of the strawberry cul-
tivars in the field and an assessment of 
the impact of M. hapla on final yield 
and fruit size is necessary, since it has 
been shown that some cultivars with 
médium root galling responded with 
réduction in végétative growth, while 
others with higher root galling showed 
no réduction in growth (Szczygiel 
1981). 
The results of our study indicated that 
parasitism and reproduction of M. hap-
la on strawberry is favoured by dry soil 
conditions. Although hatching of M. 
hapla eggs is not inhibited under dry 
soil conditions such as the wilting point, 
migration and infectivity of M. hapla 
was shown to be optimized when the 
soil is moist or near field capacity (Szc-
zygiel and Soroka 1983). 
Secondary infection caused by patho-
gens penetrating the root System 
through nematode-related lésions 
appears more important than direct 
damage caused by nematodes as dem-
onstrated by LaMondia and Martin 
(1988). They found that higher nem-
atode levels {Pratylenchus penetrans 
Cobb) were more effective in increas-
ing black root rot caused by Rhizocto-
nia fragariae Hasain & McKeen in field 
studies. The results obtained from the 
study identified résistant cultivars which 
may be useful in breeding programs. 
The négative effect of M. hapla on straw-
berry yield and berry size and its impor-
tance as a strawberry pest per se is 
questionable and requires further in-
vestigation under conditions in Québec. 
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